In Japan, there is little knowledge about the reduction in biological effects of wastewater on aquatic organisms by wastewater treatment, and a toxicant(s) contained in wastewater. The purpose of this study was to examine seasonal variation in the biological effect of the influent and final effluent obtained from a wastewater treatment plant, and to characterize the toxicant(s) in the wastewater using an algal growth test. The influents in every season tested had a growth-inhibiting effect on Pseudokirchneriella subcapitata. The final effluent in winter also had the same effect, but the final effluents in other seasons did not. The growth-inhibiting effects of the effluent in winter might be due to a reduction in the biological treatment ability caused by a decrease in water temperature, which may have led to the presence of residue of some toxicants in the effluent. A Toxicity Identification Evaluation (TIE) test suggested that the potential toxicants in the influent were non-polar organic toxicants and surfactants, among others, and that the toxicants in the final effluent were oxidants and pH-dependent toxicants. These potential toxicants appeared to be similar to chemicals suggested by the Pollutant Release and Transfer Register (PRTR) information, implying that this information is useful for identifying toxicants.
INTRODUCTION
Some chemicals contained in wastewater have a toxic effect on aquatic organisms such as algae. Since algae are located at the bottom of the food chain and serve as a source of food for many higher organisms, severe damage to the algae population may cause a disturbance in aquatic ecosystems. The understanding and control of the biological effects of wastewater on algae are therefore important for the protection of ecosystems.
The biological effects of wastewater on algae have been evaluated in some locations overseas, which have reported that some wastewater has had biologically harmful effects on algae, and that wastewater treatment decreased these effects [1] [2] [3] [4] . In Japan, the Ministry of the Environment has considered the introduction of the Whole Effluent Toxicity test [5] (named J-WET in this paper) for the management of chemicals in wastewater. Although wastewater may be managed by J-WET in case of the introduction of the test, there is little knowledge about the biological effects of wastewater on algae based on J-WET. Yamamoto et al. [6, 7] reported that some treated wastewater, which had been discharged from some wastewater treatment plants in Tokushima Prefecture, Japan, showed a biological effect on algae. However, more surveys are required in order to better understand the biological effects of wastewater in Japan (e.g., an evaluation of the presence and absence of the effects of wastewater obtained from other areas, and the degree of these effects).
A United States Environmental Protection Agency (U.S. EPA) document reported that a biological treatment used at a wastewater treatment plant played an important role in the reduction of toxicants in wastewater [8] . Biological activities depend on water temperature, and therefore, it was hypothesized that the decrease in biological effects observed after wastewater treatment may change depending on the season. To our knowledge, aside from our previous research, in Japan, there has been no study on the ability to reduce the biological effects by wastewater treatment based on J-WET [9] . In our research, we found that a biological treatment using an activated sludge process decreased the biological effects of wastewater on algae. However, the wastewater used in our tests was obtained from a pilot plant, rather than a wastewater treatment plant, and we did not evaluate seasonal variation in effectiveness. In addition, when attempting to decrease the biological effects of treated wastewater, identifying toxicants is necessary in order to effectively design countermeasures, such as the removal of toxicants. Generally, wastewater contains many kinds of chemicals, which makes it difficult to identify individual toxicants. In the U.S.A., toxicants are characterized and identified using a Toxicity Identification Evaluation (TIE) test [8, 10] . In Japan, some harmful chemicals in some wastewater have been managed using a Pollutant Release and Transfer Register (PRTR) system [11] . The information obtained from the PRTR system shows the kinds and amounts of target chemical substances that business operators have released into the environment, into each wastewater treatment plant, among others. Although this information may be a useful tool for identifying toxicants in wastewater, no study has found any association between the toxicant (s) in wastewater and chemicals shown by the PRTR information.
The objectives of this study were to evaluate the seasonal variation in the ability of a wastewater treatment to reduce biological effects, and to predict the potential toxicant (s) in wastewater. Referring to J-WET, the biological effects of test wastewater with regards to the green algae Pseudokirchneriella subcapitata were examined. A TIE test was performed to characterize the potential toxicant (s) in the test wastewater, and then the relevancy between potential toxicants and the presence of chemicals suggested by the PRTR information was discussed.
MATERIALS AND METHODS

Collection of test wastewater
Wastewater was obtained quarterly from a wastewater treatment plant employing conventional activated sludge processes in November 2014, and February, May, and August 2015. The plant has a separate sewer system, and receives both domestic and some industrial wastewater. According to the PRTR information [11] shown by "PRTR Kensakun", approximately 10 kinds of Class 1 substances were being discharged from business operators to the treatment plant. It was also suggested that a large amount of surfactants, nonpolar organic toxicants, and hydrophobic chemicals were included in that discharge, as well as some kinds of heavy metals.
Wastewater was collected using an autosampler. The collection period was 24 h, with 1 L of wastewater obtained every hour; i.e., the total amount of wastewater collected was 24 L. Influents were obtained by collecting the wastewater that flowed into the aeration tank (wastewater before any biological treatment), and effluents were collected by obtaining chlorinated treated wastewater. The influents and final effluents were transported to our laboratory, filtered using a 60-μm pore size mesh (Semitec Corp., ASTM230-62, Osaka, Japan), and then stored at 4°C under dark conditions. The influents and final effluents were used to test wastewater for algal growth inhibition (AGI) tests and in the TIE tests below.
Algal growth inhibition test
The green alga P. subcapitata is one of the test organisms used in the J-WET test, and so was chosen as the test microalga in this study. The microalgae (NIES-35) were obtained from the Microbial Culture Collection of the National Institute for Environmental Studies in Japan (NIES).
An AGI test was conducted for this study with reference to the J-WET test. The concentrations of the influents and final effluents were adjusted to 80, 40, 20, 10, and 5% using distilled water. Nutrients from the preparation of AAP medium [12] were added to the test samples. As a control, AAP medium was used in the test. These test samples were filter-sterilized using a 0.22-μm pore size membrane filter (Merck Millipore Corp. SCGP00525, Darmstadt, Germany).
Twenty mL of the test samples was poured into a 50 mL Erlenmeyer flask heat-sterilized by autoclaving (121°C, 15 min). The control was examined 6 times and the other samples were examined in triplicate, based on J-WET procedures. The initial cell concentration of P. subcapitata was 1.0×10 4 cells/mL. The samples were cultured in an incubator for 72 h at 24°C under constant illumination of 40 µmol/m 2 /s on a rotating-shaking device (Taitec Corp., NR-80, Koshigaya, Japan) moving at 100 rpm. The cell concentration after 72 h was detected using a particle analytical device (Sysmex Corp., CDA-1000B, 100 μm aperture, Kobe, Japan), and the growth rate (1/day) between 0 and 72 h in each system was calculated based on equation (1) 
Toxicity Identification Evaluation
An official TIE method has not been released in Japan, and a TIE method for conducting algal tests was not issued in the referenced U.S. EPA documents [8, 10] . Therefore, the TIE Phase I test conditions for an algal test were determined in this study as shown below, referring to the descriptions of the TIE Phase I test included in the U.S. EPA documents [8, 10] and to previous studies on the toxicity of metals (which found that toxicity decreases in low pH conditions) [13] [14] [15] .
The Phase I test [8, 10] aims to characterize, rather than identify, toxic chemicals in wastewater, taking into account the changes in biological effects which accompany some pretreatments. In this test, oxidants and/or chloride, ammonia, non-polar organic toxicants, surfactants, cationic metals, and total dissolved solids were regarded as potential toxicants in wastewater. The relationship between the pretreatments and potential toxicants suggested by the TIE test and the previous studies on the toxicity of metals are summarized in Table 1 . Since the change in a biological effect by a pretreatment is evaluated in a TIE test, the concentration of test wastewater that has the effect is required. Therefore, the influent and final effluents were examined at 80% of the concentration (i.e. the highest concentration) in the TIE tests. Each pretreatment was conducted for the influents and final effluents in this study as shown below, referring to the TIE test [8, 10] .
pH adjustment: Since the lower limit of pH values of test water in the J-WET test is 6.5 [5] , the pH of the influents and final effluents were controlled (decreased) to remain at 6.5 − 6.6 by the addition of a HCl solution (Wako Pure Chemical Industries, Ltd., 087-01076, Osaka, Japan) just before the start of the AGI test. The decrease in pH should have led to a reduction in the observed biological effect (i.e., an increase in the growth rates observed by this study) if the effect is caused by ammonia, as was shown in the TIE test in the U.S.
EPA documents [8, 10] , and/or by cationic metals, as reported in previous studies [13] [14] [15] . The concentration of un-ionized ammonia (which is toxic to aquatic organisms) in the influents and final effluents used in the TIE test was calculated by equations (3) to (5), referring to Emerson et al. [16] :
Where T': water temperature (= 24°C in the AGI test)
The initial pH value of the test wastewater and 24°C as T' were used for the calculations.
Aeration: 200 mL of air /min was supplied to 200 mL of the influent or final effluent for 1 h.
Solid phase extraction (SPE) and methanol elution: SepPak C18 (Waters Corp., WAT036915, 12cc Vac Cartridge, 2 g Sorbent, Milford, U.S.A) was preconditioned with 100 mL of methanol for high performance liquid chromatography (Wako Pure Chemical Industries, Ltd., 132-06471, Osaka, Japan), and then with 100 mL of Milli-Q water at 10 mL/ min of flow rate. The first 100 mL of the influent or final effluent, filtered using a 1.0-μm pore size membrane filter (GE Healthcare UK Ltd., 1822-042, Little Chalfont, England), was passed through the column at 10 mL/min of flow rate, and then discarded. Then 200 mL of the filtered influent or final effluent that had passed through the column was collected (named "SPE solution" in this study). Ten mL of the above methanol was passed through the column at a 5 mL/ min flow rate. The eluate was concentrated up to 0.8 mL by nitrogen gas, which was then added to 300 mL of Milli-Q water. It was confirmed that the growth of P. subcapitata was tolerant to a 0.3% concentration of methanol (> 0.8 mL / 300 mL = 0.27%) in a preliminary test.
Sodium thiosulfate: Sodium thiosulfate (Na 2 S 2 O 3 ) was added to the influent or final effluent to give a final concentration of 5.0 mg/L. The sample was left for a night to allow for reaction with reactive chemicals like chloride before the inoculation of the test microalgae. It was confirmed that the growth of P. subcapitata was tolerant of this concentration in a preliminary test.
EDTA: Disodium ethylenediaminetetraacetate (EDTA) was added to the influent or final effluent to give a final concentration of 0.5 mg/L. The sample was left for a night to allow the complexation of metals before the inoculation of the test microalgae. It was confirmed that the growth of P. subcapitata was tolerant of this concentration in a preliminary test.
Non-pretreated influent or final effluent was prepared as a baseline (named "non-pretreatment"). As a control, AAP medium was used in the test. Nutrients from the AAP medium were added to the non-pretreatment and pretreated samples, which were then filter-sterilized using a 0.22-μl pore size membrane filter (Merck Millipore Corp. SCGP00525, Darmstadt, Germany). The culture conditions were the same as those in the AGI test above.
Analytical method
Statistical analysis for this study was performed using the statistical package R [17] . In every test, the homoscedasticity of the growth rates was confirmed using the Bartlett test (level of significance = 0.05). In the AGI test, the growth rates between the control and the other systems were compared using the Dunnett test (level of significance = 0.05). The highest concentration of the influent and final effluent at which no difference in the growth rate was found between the control and the water was determined as the No Observed Effective Concentration (NOEC). The value of NOEC was regarded as ≥ 80% when no growth-inhibiting effect was found, even with an 80% concentration of the influent or final effluent. Use of the TIE test suggested that the growth-inhibiting effect of test wastewater was decreased by pretreatment, as the growth rates in the pretreated samples were significantly increased (level of significance = 0.05) as compared to the non-pretreatment. The growth rate in the methanol eluateadded sample was compared with the control, because the eluate was added to the AAP medium as well as the control. The results suggest that the methanol eluate had a biological effect, as the growth rate in the methanol eluate-added system was significantly lower than that of the control.
RESULTS
Water quality of test wastewater
The water quality of the influent and final effluent is summarized in Table 2 . The concentration of total residual chloride (TRC) in the final effluent was less than 0.08 mg/L. The concentration of ammonium nitrogen (NH 4 + -N) ranged from 3.2 mg/L to 8.1 mg/L. The influents and final effluent were examined using the AGI and TIE tests, with the results discussed below.
Algal growth inhibition test
The growth rates of P. subcapitata in each influent and final effluent are illustrated in Fig. 1 . Details are summarized below.
Wastewater obtained in November 2014
The growth rate of more than 10% of the influent was significantly lower than that of the control (Fig. 1 (a) ), i.e., the NOEC of the influent was 5%. The rate with even an 80% concentration of the final effluent showed no difference to the control, and it was thus found that the NOEC of the final effluent was more than 80%.
Wastewater obtained in February 2015
The growth rate with a concentration of more than 20% of the influent was significantly lower than that of the control (Fig. 1 (b) ), i.e., the value of NOEC of the influent was 10%. The rate with even 10, 20, and 80% of the final effluent showed statistical difference to the control. The value of NOEC of the final effluent was determined to be 40%, because the rate with a 40% concentration was equivalent to that of the control.
Wastewater obtained in May and August 2015
The growth rate with more than 40% of the influent was significantly lower than that of the control in both months tested ( Fig. 1 (c) and (d) ), i.e., the NOEC of both levels of the influent was 20%. The rate with even 80% of the final effluent showed no difference to the control in both months tested, and therefore the NOEC of both levels of the final effluent was found to be more than 80%. Figure 2 shows the growth rates of P. subcapitata in each pretreatment system. Details are summarized below.
Toxicity Identification Evaluation
Influent obtained in November 2014
There was no pretreatment that decreased the biological effects of the influent (Fig. 2 (a) ), as the growth rates in the samples which had received Na 2 S 2 O 3 , EDTA, aeration, SPE solution, and pH adjustments showed no differences compared to the non-pretreatment. The addition of the methanol eluate resulted in a significant decrease in the growth rate compared to the control, suggesting that the methanol eluate had a growth-inhibiting effect on the microalgae. The TIE test on the influent was performed after 4 weeks, after the AGI test on the influent had been conducted. The growthinhibiting ratios of the influent (concentration: 80%) in the AGI and the TIE test were 85.2% ( Fig. 1 (a) ) and 10.7% (Fig.  2 (a) ), suggesting that the growth inhibition of the influent became less effective while it was stored at 4°C. The methanol eluate used in this test may have contained hydrophobic chemicals, but it was unclear whether the eluate contained non-polar organic toxicants or not, because no decrease in growth-inhibiting effects was observed in the SPE solution. It was thus assumed that some of the potential toxicants were hydrophobic chemicals. On the other hand, chemicals that show decreased toxicity during storage at 4°C are regarded as oxidants or surfactants, as shown in Table 1 . Consequently, the potential toxicants in the influent may have been i) hydrophobic chemicals and ii) oxidants and/or surfactants.
Influent and final effluent obtained in February 2015
In the test on the influent, the growth rate in the SPE solution became significantly higher than that of the nonpretreatment, and the rate after the addition of the methanol eluate showed significant difference to that of the control (Fig. 2 (b) ). The TIE test on the influent was performed after 8 days, after the AGI test on the influent had been conducted. The growth-inhibiting ratios of the influent (concentration: 80%) in the AGI and TIE test were 80.7% (Fig. 1 (b) ) and 83.4% (Fig. 2 (b) ), suggesting that the growth inhibition remained constant while it was stored at 4°C. As shown in Table 1 , non-polar organic toxicants may have been the potential toxicants in the influent, because the methanol eluate showed a growth-inhibiting effect, and this effect was decreased by SPE treatment. Figure 2 (c) illustrates the results of the test on the final effluent. No significant difference was noted between the growth rates of the solution that received the addition of the methanol eluate and the control. The growth rates in samples which had received Na 2 S 2 O 3 , aeration, and pH adjustment (controlled from 7.21 of the non-pretreatment to 6.54) became significantly higher than that of the non-pretreatment. The TIE test on the final effluent was performed after 17 days, after the AGI test on the final effluent had been conducted. The growth-inhibiting ratios of the influent (concentration: 80%) in the AGI and TIE test were 7.56% ( Fig. 1 (b) ) and 8.17% (Fig. 2 (c) ), suggesting that the growth inhibition remained constant while it was stored at 4°C. According to Table 1 , it is oxidants and/or chloride whose growth-inhibiting effect is decreased by the addition of Na 2 S 2 O 3 and aeration. Chloride may not be effective, because the TRC levels were the lowest in these samples of all the samples of final effluent (Table 1) , which indicates that oxidants may have been one of the toxicants. On the other hand, the decrease in the growth-inhibiting effect, which occurred after pH adjustment, especially after pH was decreased, suggests the presence of ammonia and/or cationic metals. Since the growth rate in EDTA was not significantly higher than that of the non-pretreatment, this study focused on ammonia. The concentration of unionized ammonia was calculated as shown in Table 3 , based on equations (3) − (5), the data on levels of NH 4 + -N in Table   2 , and the initial pH values of the influent and final effluent used for the TIE test. It was suggested that the concentration of un-ionized ammonia in the non-pretreated final effluent was 0.047 mg/L, which is not particularly high compared to that of other influents. While this study did not determine whether the toxicants in the final effluent included ammonia and/or cationic metals, the results seemed to indicate that the final effluent contained pH-dependent toxicants.
Influent obtained in May 2015
The growth rates in the SPE solution and the samples which received pH adjustment (controlled from 6.93 of the non-pretreatment to 6.50) became significantly higher than those of the non-pretreatment; the rate with the addition of the methanol eluate showed no significant difference to that of the control (Fig. 2 (d) ). The TIE test on the influent was performed after 11 days, after the AGI test on the influent had been conducted. The growth-inhibiting ratios of the influent (concentration: 80%) in the AGI and TIE test were 80.7% ( Fig. 1 (c) ) and 83.4% ( Fig. 2 (d) ), suggesting that the growth inhibition remained constant while it was stored at 4°C. The SPE treatment decreased the growth-inhibiting effects, but the methanol eluate had no effect. These results indicate that the toxicants involved might have been hydrophobic chemicals, but not non-polar organic toxicants, as there was no decrease in the growth-inhibiting effect after the addition of EDTA. It was suggested that the concentration of un-ionized ammonia in the non-pretreated influent obtained in May was 0.071 mg/L (Table 3) . However, the concentration was not larger than those of the influents obtained in November (0.120 mg/L), February (0.117 mg/L), and August (0.078 mg/L). In this test, it was not determined whether ammonia and/or cationic metals were the toxicant present in the final effluent; however, it was indicated that the influent contained pH-dependent toxicants.
Influent obtained in August 2015
The growth rate in the SPE solution and aeration became significantly higher than that of the non-pretreatment, and the rate after the addition of the methanol eluate showed no significant difference to that of the control (Fig. 2 (e) ). The TIE test on the influent was performed after 2 weeks, after the AGI test on the influent had been conducted. The growth-inhibiting ratios of the influent (concentration: 80%) as measured by the AGI and TIE tests were 82.5% ( Fig. 1  (d) ) and 80.8% (Fig. 2 (e) ), suggesting that the growth inhibition remained constant while it was stored at 4°C. According to Table 1 , it is the surfactants whose toxicity is decreased by use of aeration and SPE treatments. Consequently, the results suggest that one of the toxicant types in the influent was surfactants.
DISCUSSION
Biological effect of wastewater
The value of NOEC obtained by the AGI tests and the potential toxicants in the influent and final effluent indicated by the TIE tests are summarized in Table 4 . The value of NOEC of every final effluent tested was larger than those of the influents, suggesting that the wastewater treatment decreased the growth-inhibiting effect on algae. The value of NOEC of the final effluent obtained in February was 40%, which indicates that the growth-inhibiting effect of the final effluent may disappear in cases of more than 2.5 times dilution. In Japan, it is assumed that ambient water dilutes treated wastewater by more than 10 times, suggesting that final effluents may not have a toxic effect on algae in aquatic environments.
It should be noted that, out of all the final effluents tested, only the final effluent obtained in February had a growthinhibiting effect. Since the NOEC of the influent obtained in November (5%) was lower than that of the influent obtained in February (10%), and that the growth-inhibiting effect was totally eliminated in November, it is indicated that the ability to reduce biological effects decreased in February. The monthly average water temperature of the final effluent at the wastewater treatment plant was approximately 22°C in No- [8] , the residual toxicity of the final effluent obtained in February may have been related to the seasonal decrease in the water temperature. Further studies are required to clarify the toxicity-residual mechanism (e.g., decrease in a biological activity and/or change in microorganism species in activated sludge, accompanied by a decrease in water temperature) and determine how to eliminate any residual toxicity.
Potential toxicants
As shown in Table 4 , the TIE tests suggested that the potential toxicants in the influent were i) hydrophobic chemicals, ii) non-polar organic toxicants, iii) surfactants, iv) pH-dependent toxicants, and v) oxidants and/or surfactants. The PRTR information [11] indicated the mass inflow of hydrophobic chemicals, non-polar organic toxicants, and surfactants. It was thus suggested that the potential toxicants were similar to the mass inflow chemicals, and that the PRTR information may be useful for identifying toxicants. Hydrophobic chemicals, non-polar organic toxicants, and surfactants were not found to be the potential toxicants in the final effluent, which may be due to the removal by biological treatment process, as the chemicals identified by the PRTR information have high biodegradability. The oxidants, which were indicated as potential toxicants in the final effluent obtained in February, maybe by-products that were produced by the biodegradation of chemicals contained in the influent.
Although Yamamoto et al. [7] have performed a TIE test on final effluents and have suggested potential toxicants, knowledge about toxicants in final effluents is still lacking in Japan. More surveys at other wastewater treatment plants are needed to gain information on toxicants in wastewater, and to evaluate the applicability of the PRTR information to the identification of toxicants. In this study, the potential toxicants were characterized based on the TIE Phase I test. The Phase II (identification of toxicants based on the result of Phase I) and Phase III (confirmation of the causes of toxicity) tests should be conducted in further studies as well. In addition, the U.S.A has managed a decrease in the toxicity of wastewater using a series of processes of Toxicity Reduction Evaluation (TRE) [8] , but there are no similar methods being used in Japan. The development of test methods to identify toxicants in wastewater will be required at a later stage.
CONCLUSIONS
An AGI test revealed that all of the influents tested quarterly had a growth-inhibiting effect on P. subcapitata. The final effluent obtained in winter also had the same effect, although effluents obtained in other seasons did not. These results suggest that the ability of wastewater treatment to reduce the biological effects of wastewater may decrease along with a decrease in water temperature. A TIE test suggested the presence of some potential toxicants, such as hydrophobic chemicals in the influent and oxidants in the final effluents. The PRTR information may be applicable for the identification of toxicants, because the types of potential toxicants and the chemicals suggested by the information seemed similar. 
